1
H NMR spectrum of 1 indicated 50 the presence of one hydroxy, three methylene and one methoxy proton signals, where the 51 hydroxy proton was deduced from no cross-peak in HSQC spectrum. 13 C NMR spectrum of 1 52 revealed one carbonyl, one quaternary, three methylene and one methoxy carbon signals 53 which were assisted with HSQC experiment. DQF COSY experiment of 1 revealed two 54 couples of correlations (H-4/H-5 and H-6/hydroxy proton). The latter correlation was 55 assigned as a hydroxymethyl group. All the proton and carbon signals of compound 1 were 56 assigned according to HMBC cross-peaks of C-2 with Hs-5 and 6, and methoxy protons; 57 ketonic carbon (C-3) with Hs-4, 5 and 6; C-4 with Hs-5; C-5 with H-4; and C-6 with the 58 hydroxy proton. Consequently, compound 1 was elucidated as an isomer of known 59 compound gloiosiphone B (5) 21 , a structural analogue of laurencione, 22 isolated from the red 60 alga Gloiosiphonia verticillaris (Gloiosiophoniaceae, Gigartinales). The 13 C NMR signal at 61 C-2 of 1 was shifted to down-field compared to the signal of gloiosiphone B while the signal 62 at C-6 of 1 was shifted to up-field. This difference was contributed to substituting position of 63 methoxy group. Thus, compound 1 was identified as 2-hydroxymethyl-2-methoxyoxolan-3-64 one, a novel acetal named isogloiosiphone B (Figure 1 ). Compound 1 possesses aneasily access to active site of the enzyme. Additionally, this is the first report that phytal (2), 78 cholesterol (3) and 22-dehydrocholesterol (4) exhibited β-glucuronidase inhibitory activity 79 even though their inhibitory activities were weak. 80
In summary, we isolated compounds 1-4 as β-glucuronidase inhibitors from the red 81 alga N. yendoana. Compound 1 was determined as a novel naturally acetal and showed 82 strong β-glucuronidase inhibitory activity. In addition, this is the first report on isolation of 83 phytal from the alga and elucidation of β-glucuronidase inhibitory activity by the 84 Figure S10 . FD-MS spectrum of compound 2. 15
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β-Glucuronidase inhibition assay for separation of the inhibitors β-Glucuronidase activity was determined by absorptiometric method using p-nitrophenyl β-D-glucuronide as a substrate. Reaction mixture contained 10 mM phosphate buffer (pH 7.0, 440 µL), 10 mM p-nitrophenyl β-Dglucuronide (Sigma Chemical Co., St. Louis, MO, USA) in the buffer (20 µL) and test substance in methanol (final concentration of 10 µg/mL, 20 µL). The mixture was pre-incubated at 37 ºC for 5 min. Reaction was initiated by adding 80 units/mL Escherichia coli β-glucuronidase (type IX-A, Sigma Chemical Co., St. Louis, MO, USA, 20 µL) and kept at 37 ºC for 7 min. The reaction was terminated by adding 1 M sodium carbonate (300 µL). Produced p-nitrophenolate anion was measured at 400 nm. All assays were conducted in triplicate. Inhibitory activity was calculated from absorbance as following equation because all assays were performed under the same experimental condition.
Where C is the absorbance of negative control (no test substance), C 0 is the absorbance of negative control's blank (no test substance nor enzyme), T is the absorbance of test experiment and T 0 is the absorbance of test experiment's blank (no enzyme).
Separation and isolation of β-Glucuronidase inhibitors from Neodilsea yendoana
The EtOAc soluble fraction (1.30 g) was chromatographed over silica gel eluted with a combination of CHCl 3 and MeOH to afford inhibitory fractions E2 (CHCl 3 ), E3 and E4 (CHCl 3 -MeOH=29:1, v/v). The fraction E4 (253 mg) was re-chromatographed over silica gel eluted with nhexane-EtOAc (1:2, v/v) to afford inhibitory subfraction E4S3 (40.37 mg). The subfraction was separated on Sephadex LH-20 eluted with MeOH to afford inhibitory fractions. The fractions were combined and finally purified by using Shimadzu LC-10ATvp HPLC equipped with Shimadzu SPD-M10Avp diode array detector and ULTRON VX-ODS column (Shinwa Chemical industries, Ltd, Kyoto, Japan; 5 µm; 250 × 4.6 mm) eluted with v/v) to afford the novel compound 1 (1.43 mg). Fraction E2 (34.7 mg) was loaded on a silica gel Sep-Pak cartridge eluted with n-hexane- EtOAc (19:1, v/v) and then purified by ULTRON VX-ODS HPLC eluted with MeCN-H 2 O (9:1, v/v) to afford compound 2 (2.02 mg). Fraction E3 was separated by preparative TLC developed with n-hexane-acetone (6:1, v/v) and then finally purified by ULTRON VX-ODS HPLC eluted with MeOH-H 2 O (9:1, v/v) to provide compounds 3 (3.08 mg) and 4 (3.31 mg).
β-Glucuronidase inhibition assay for kinetic study of the isolated inhibitors β-Glucuronidase activity was determined by absorptiometric method using p-nitrophenyl β-D-glucuronide as a substrate. Reaction mixture contained 10 mM phosphate buffer (pH 7.0, 440 µL), 2 to 8 mM substance in methanol (final concentration of 0 to 500 µM, 20 µL). The mixture was pre-incubated at 37 ºC for 5 min. Reaction was initiated by adding 80 units/mL Escherichia coli β-glucuronidase (type IX-A, Sigma Chemical Co., St. Louis, MO, USA, 20 µL) and kept at 37 ºC for 7 min. The reaction was terminated by adding 1 M sodium carbonate (300 µL). Produced pnitrophenolate anion was measured at 400 nm. D-Glucaro-1,4-lactone (Sigma Chemical Co., St. Louis, MO, USA) was used as a positive control and all assays were conducted in triplicate. Inhibitory activity was calculated from absorbance as following equation because all assays were performed under the same experimental condition. Compound 4
